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Abstract 
This article focuses on CO2 emissions of buildings in China, the drivers of carbon dioxide emissions of buildings performing 
stage under the different climatic conditions have been studied by using the STIRPAT (stochastic impacts by regression on 
population, affluence, and technology) model. Five factors were selected, including per capita floor space of residential buildings, 
floor space of buildings, household consumption level, output value of tertiary industry and unit building area of carbon dioxide 
emissions. According to the climatic conditions, the buildings of four climate regions are taken into account, which are Severe 
Cold (SC), Cold (C), Hot Summer Cold Winter (HSCW) and Hot Summer Warm Winter (HSWW), respectively. The factors are 
quantified through ridge regression. Empirical results indicate that all the factors can cause an increase in CO2 emissions among 
the four climate regions, although they have different degree influence on CO2 emissions from buildings in different climate 
regions. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
According to the intergovernmental panel on climate change (IPCC) fifth assessment report, by 2012, the average 
temperature of global sea and land surface temperature increased 0.85 ć [1]. Because of melting glaciers and 
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increased water temperatures, the rate of sea-level rise became 2.0mm annually from 1971 to 2010.  Greenhouse gas 
emissions contribute 3 W/m2, while CO2 emissions alone 1.68 W/m2. According to record of the United Nation’s 
Environment Programme’s Sustainable Building and Climate Initiative [2], due to the use of fossil fuels, greenhouse 
gas emissions and energy consumption in the construction field  accounted for about 30% and 40% of global, 
respectively. The CO2 emissions of buildings at national level have significant proportion of the country's total 
emissions: the United States (38%), Canada (30%), Japan (36%) and China (30%). With the growth of the economy 
and improvement of people’s living, Chinese urbanization process is accelerating and floor space of buildings 
completed is increasing rapidly. Due to the improvement of the indoor environment and building services, and the 
increase of building energy-using equipment, energy consumption and CO2 emissions of buildings in China 
continuously increase annually. The current is the critical juncture of promoting the construction energy saving and 
emissions reducing. The systemic estimation and identification of drivers of CO2 emissions of buildings are good for 
government to promote building energy conservation and pollution reduction work, and put out relevant policy 
measures.  
At this stage, there are many models about drivers of CO2 emissions, thereinto, the logarithmic mean Divisia 
index (LMDI), Structural Decomposition Analysis(SDA) and stochastic impact by regression on population, 
affluence, and technology (STIRPAT) are in common use. Jeong analyzed driving factors for greenhouse gas 
emissions of Korea's manufacturing industry by using LMDI [3], five different factors were selected, which were 
overall industrial activity, industrial activity mix, sectoral energy intensity, sectoral energy mix and CO2 emission 
factors, respectively. Zhu examined the driving forces of China’s CO2 emission intensity during1998 and 2008 by 
using LMDI [4], and the emission intensity decomposed into the effects of the CO2 emission coefficient, energy 
intensity of power generation, power generation and consumption ratio, electricity intensity of the gross domestic 
product (GDP), provincial structural change, and the energy intensity of the GDP for other activities. Xu examined 
driving forces of CO2 emissions embodied in China's exports during 2002-2008 annually [5], by using SDA model. 
The driving forces included emission intensity, economic production structure, export composition, and total export 
volume, respectively. Li used the STIRPAT model to examine the impact factors of CO2 emissions in China, and 
CO2 emissions from 30 provincial-level administrative units which were divided into five emission regions on the 
basis of the annual average value of provincial CO2 emissions per capita from 1990 to 2010 [6]. The impact factors 
of CO2 emissions included of GDP, industrial structure, population, urbanization and technology level. According to 
the above description, few current articles analyzed the impact factors of CO2 emissions from building by using 
macroeconomic data. As the CO2 emissions from buildings are so huge that the study about the driving factors of 
CO2 emissions from the buildings has important significance. 
2. Methods 
2.1. Estimating the energy-related CO2 emissions from buildings 
The energy-related CO2 emissions from buildings can be estimated as follows: 

LM MLM, ( . u u¦    (1) 
Where I represents the total CO2 emissions from buildings, i refers to the sources of building energy consumption 
including transportation, warehousing and postal service, wholesale, retail, catering and accommodation, living 
consumption and others. j is the fossil fuel, j= coal, liquefied petroleum gas, natural gas, heat and electricity, E is the 
building energy consumption, and K is the carbon emission coefficient of fossil fuel. 
2.2. STIRPAT model 
An environmental pressure control model named IPAT model, in the early 70s, was put forward to describe the 
impact of population on the environment pressure by Ehrlich and Holdren [7] 
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The following formula: Here, I represents the environmental impact, P means population, A is affluence and T is 
technology level.  
Later the IPAT model was extended to STIRPAT model [8], which can statistically model non-proportionate 
impacts of variables on the environment. The model can be summarized as 
E F G, D3 $ 7 H    (3) 
Where b, c and d are coefficients of P, A and T, and e represents the random error. To analysis driving effect on 
growth factors of buildings carbon emissions, we select the per capita floor space of residential buildings as 
demographic factors and the floor space of buildings, household consumption level and output value of tertiary 
industry as the rich degree of factors, and unit building area of CO2 emissions as the technical factors . The 
STIRPAT model was expanded as follows: 
  OQ OQ OQ OQ OQ OQ OQ OQ, D E 3 F 6 F & F $ G 7 H         (4) 
The specific description of the variables used in this paper is showed in Table 1 
Table 1. Description of the variables used in the paper. 
Variable Definition Unit of measurement Symbol 
Environmental impact CO2 emissions of buildings in different climate regions 10
8t I 
Population Per capita floor space of residential buildings in different climate regions m
2/ person P 
Affluence 
Floor space of buildings in different climate regions 108m2 S 
Household consumption level in different climate 
regions 10
8yuan C 
Output value of tertiary industry in different climate 
regions 10
12yuan A 
Technology level Unit building area of CO2 emissions in different climate regions kg/m
2 T 
2.3. Ridge regression 
The ridge regression was used in the STIRPAP model to multicollinearty problems [9], which refers to a situation 
in which two or more independent variables in a multiple regression model are strongly and linearly related. The 
multicollinearity of independent variables in the regression model is examined by OLS regression and evaluating 
their VIFs. When a VIF greater than 10, we can conclude that multicollinearity problems exist among independent 
variables. Ridge regression is one of the most effective solutions to solve multicollinearity, which can obtain 
acceptably biased estimates with smaller mean square errors in independent variables through bias–variance 
tradeoffs.  
To control the inflation and general instability associated with OLS, ridge regression incorporates a small 
positive quantity k along the diagonal of the normalized independent variable matrix XTX: 
  7 7; ; NO ; <E      (5) 
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Therefore, choosing an appropriate k, accepting minimal bias, and substantially reducing variance are possible, 
thereby remarkably improving estimation. 
2.4. Data source 
To study the CO2 emissions from buildings under different climate conditions, China's 30 provincial-level 
administrative units are divided into four emission regions [10]: severe cold (SC), the cold (C), hot summer cold 
winter (HSCW) and hot summer warm winter (HSWW), which is slightly different from the Thermal Design 
Code for Civil Buildings of SC, C, HSCW, HSWW, and temperate.  In order to establish the relationship 
between socioeconomic data and CO2 emissions of provinces, the provinces which across 
temperature of the coldest month multiple climate regions will be divided into the associated climate regions where 
the greatest portion of its population resides. 
Table 2. Definition of building climate regions.  
Regions Index Provinces 
SC 
average temperature of the coldest month˖ 
≤-10ć 
Inner Mongolia, Xinjiang, Qinghai, 
Liaoning, Jilin, Heilongjiang 
C 
average temperature of the coldest month: 
0~-10ć 
Beijing, Tianjin, Hebei, Shanxi, 
Shandong, Henan, Shaanxi, Gansu, 
Ningxia 
HSCW 
average temperature of the coldest month: 
0~-10ć 
average temperature of the warmest month: 
25~30ć 
Shanghai, Jiangsu, Zhejiang, Anhui, 
Jiangxi, Hunan, Hubei, Chongqing, 
Sichuan 
HSWW 
average temperature of the coldest month: 
≥10ć 
average temperature of the warmest month: 
25~30ć 
Fujian, Guangdong, Guangxi, Hainan, 
Guizhou, Yunnan 
Relevant data used in this paper is given by China Statistical Yearbook [11], China Energy Statistical Yearbook 
[12], China's Building Energy Conservation annual Development Report [13] and China's Construction Industry 
Statistics Yearbook [14]. The residents' consumption level and the tertiary industry output value data are in constant 
2005 prices. 
Fig 1 shows CO2 emissions of unit building area in different climate regions in four regions during 1997 and 
2012. The CO2 emissions of unit building area had obvious correlation with climatic conditions. As the SC zone has 
great demand in heating, the CO2 emissions of unit building area is the biggest in all regions followed by the C zone. 
The HSWW zone is in the third place, which need greater cooling load in the longer heat period. Although the 
HSCW zone is both in need of heating and cooling, the aggregate demand of energy is smaller than the HSWW 
zone. 
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Fig. 1. CO2 emissions of unit building area in different climate regions. 
3. Results 
3.1. Multicollinearity test 
The OLS regression was carried out and a further diagnostic check was performed to test whether there is 
multicollinearity among them or not. According to the table 3, most VIF values of factors are much greater than 10, 
which shown that there is severe multicollinearity  
Table 3. VIF values of factors in different climate regions. 
Item SC C HSCW HSWW 
lnP 804.75  285.69  1704.52  17.47  
lnS 1553.52  358.02  1181.53  219.26  
lnC 1153.87  511.05  438.59  651.85  
lnA 388.84  453.88  91.44  254.11  
lnT 15.34  39.18  15.46  73.67  
3.2. Ridge regression estimation 
The relationship between β and k was deduced by using the ridge regression estimation. In the four climate 
regions, when k=0.6, 0.4, 0.3 and 0.5, respectively, the β is almost stable. Table 4 showed the ridge regression 
results. Fig 2 showed the relation between β and k in the four climate regions. 
The model fits well with R2 more than 0.9750 in all emission regions. Elasticity coefficients in different emission 
regions are apparently different. Per capita floor space of residential buildings, floor space of buildings, household 
consumption level, output value of tertiary industry and unit building area of CO2 emissions in all emission regions 
have positive elasticity coefficients. 
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Table 4. Elasticity coefficient of driving factors in different climate regions. 
Item SC C HSCW HSWW 
lnP 0.5436 0.8098 0.4180 0.5869 
lnS 0.4649 0.5037 0.3382 0.6175 
lnC 0.1544 0.1382 0.1510 0.1643 
lnA 0.1271 0.1201 0.1300 0.1390 
lnT 0.3416 0.3244 0.4778 0.3286 
Constant 0.4011 -0.8342 2.8594 -2.3382 
R2 0.9750 0.9892 0.9927 0.9822 
 
 
Fig. 2. Change relation between β and k in the four climate regions. 
4. Discussion 
The per capita floor space of residential buildings has a rather prominnent influence on SC and C regions, it is 
due to with the growth in floor space of buildings, CO2 emissions from floor space of buildings relatively increase. 
The CO2 emissions from floor space of buildings accounted for about 69% and 65% of the gross respectively, and 
elasticity coefficient of Per capita floor space of residential buildings is correspondingly high in HSCW and HSWW 
regions. That means the growth in Per capita floor space of residential buildings played a rather principal role in 
CO2 emissions of buildings in all regions.  
The rapid development in floor space of buildings directly drives the growth of CO2 emissions from buildings, 
every increase in space of buildings will cause the growth in system requirement, including heating, air condition, 
lighting systems and so on, that further raises the CO2 emissions accordingly. It has a rather positive influence on 
CO2 emissions of buildings in all climate regions, especially in HSWW regions, where don’t need being heated in 
winter, but the cooling demand is reaching the maximum. And along with the increment of the temperature, in the 
future, this is attributed to decrease the heating demand from floor space of buildings, whereas increase cooling 
needs.  
651 Xilong Cong et al. /  Procedia Engineering  121 ( 2015 )  645 – 652 
Household consumption level as the important indication of prosperity, conversely, has the least influence on the 
addition of CO2 emissions in all emission regions. It can reflect the ownership of household appliances and the 
demand for living comfort to some extent. More remarkable, it contains the expenditure, for instance, clothing, food, 
etc. Therefore, it has a certain influence on the construction of CO2 emissions, which lower than others. The 
development of output of tertiary industry can be reflected by the value, meanwhile, output of tertiary industry 
belonging to the public buildings, and thus output value of tertiary industry can be better reacted the CO2 emissions 
of  the public buildings. While it has some inhibitory effects on CO2 emissions of buildings, the main reason for this 
is the proportion of CO2 emissions of the public buildings in all emission regions accounting for 30-35%, which was 
much less than the CO2 emissions of dwelling houses. Further, the impact of the output value of tertiary industry is 
relatively tiny in CO2 emissions of buildings.  
The CO2 emissions of unit building area as a technology level factor, has an increasing tendency of the values. 
This has been due to some discrepancy between domestic and developed countries on parameter about operation 
scale of construction equipment, activities of occupant and interior environment. In the future, as the above-
mentioned factors improved, unit building area of CO2 emissions will increase continually. 
5. Conclusions 
In this Paper, the constructions in the provinces are divided into four climate zones (SC, C, HSWW and HSCW), 
the CO2 emissions from building in different climate regions are analyzed by the STIRPAT model using ridge 
regression, with five impact factors: containing per capita floor space of residential buildings, floor space of 
buildings, household consumption level, output value of tertiary industry and unit building area of CO2 emissions, 
the following conclusions can be drawn. 
x They are primary factors, overall, which consisted of per capita floor space of residential buildings, floor 
space of buildings, household consumption level, output value of tertiary industry and unit building area of 
CO2 emissions, although they have different degree influence on CO2 emissions from buildings in different 
climate regions.  
x Per capita floor space of residential buildings, floor space of buildings and CO2 emissions of unit building 
area have a larger impact on CO2 emissions from the four climate regions than the Household consumption 
level and output value of tertiary industry.  
x The scale of floor space of buildings has promoting effects on CO2 emission of building, which directly 
drives the growth of system requirement, such as heating, air condition, lighting system, etc. Therefore, it 
will be surely be followed by relatively rapid increase in CO2 emission from buildings.  
x The CO2 emissions of unit building area as a technology level factor, has an increasing tendency of the 
values. This has been due to some discrepancy between domestic and developed countries on parameter 
about operation scale of construction equipment, activities of occupant and interior environment.  
x In the future, as the above-mentioned factors improved, unit building area of CO2 emissions will increase 
continually. At the same time, unit building area of CO2 emissions in every climate regions has apparently 
differences, varying from weather conditions. The values can be ranked as: SC˚C˚HSWW˚HSCW. 
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